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Introduction:
Changes in the physical properties of casts retrieved from impressions disinfected with different agents is a common problem causing prosthetic misfit in the oral cavity and on the casts.
(1-3) Impression materials are in contact with blood and saliva and can transmit infectious microorganisms to dental casts. (4, 5) The standard protocol is to rinse the impression under running water to eliminate microorganisms. (5) Hepatitis B virus (HBV), human immunodeficiency virus (HIV), and Mycobacterium tuberculosis (TB) are among the microorganisms that can be transmitted and compromise the health of dentists, technicians, and assistants. (6, 7) At present, impressions are disinfected in clinics and laboratories aiming to eliminate microorganisms from the impression surface. (8) (9) (10) One of the side effects of disinfection is the dimensional change of the impression due to chemical or physicochemical reactions between the disinfecting agent and the impression material. (1) (2) (3) According to the World Dental Federation (FDI) protocol in 1998, all impressions should be disinfected before sending to the laboratory. (11) Disinfection of impressions by spray is a common technique, but the immersion of an impression in a disinfecting solution is a more suitable and widely accepted method for disinfection. (11) Disinfecting solutions commonly used in dentistry include sodium hypochlorite (NaOCl), glutaraldehyde, iodophor, and phenol. However, none of the disinfecting solutions is perfectly compatible with impression materials and may cause changes in their dimensional stability.
(1-3,12,13) Moreover, working cast and die systems made of gypsum and dental stone must have dimensional stability, strength, and wear resistance, and should well reproduce the surface details.
It is believed that immersion of impressions in disinfectants for longer than the time recommended by the manufacturer can cause changes in the impression material, which can be transferred to the cast. (3, (14) (15) (16) Increasing the immersion time of an impression material in disinfectants would change the properties of gypsum casts, including surface detail reproduction, dimensional stability, and hardness, which will affect the accuracy of final restorations.
Most of the previous studies are focused on these characteristics, while very few studies have evaluated the effect of disinfectants on the surface roughness of dental casts. (9, 16) Therefore, this study aimed to assess and compare the surface roughness of casts retrieved from addition silicone impressions disinfected with 1% NaOCl, 2.4% glutaraldehyde, and 5% povidone-iodine by immersion for 5 and 30 minutes. The null hypothesis was that the type of the disinfectant and the immersion time would have no significant effect on the surface roughness of casts.
Materials and Methods:
This in-vitro experimental study was conducted on 49 casts in 7 groups (n=7). A master model of a stainless steel die (30 mm diameter × 15 mm height) according to ANSI/ADA specification no. 25 (15) was used in this study ( Figure 1 ). There was an appendage at the peripheral part of the impression mold in order to make a unique path of insertion of the stainless steel die into the mold. Panasil® Adhesive (Kettenbach Dental Co., Germany) was applied for 10 minutes to the internal surface of the impression mold before impression taking. A low viscosity addition silicone (Panasil®; Kettenbach Dental Co., Germany) was prepared according to the manufacturer's instruction (Table 1) . After applying the impression material to the impression mold, a plastic sheet was placed over the material to ensure a precise contact of the impression material with the die. This arrangement provided a 1-mm space for the impression material. Also, a 1-kg weight was placed over the mold in order to simulate the operator's finger pressure. This complex was then transferred to a water bath at 35°C to simulate the oral environment. (15) After setting of the impression material, the complex was removed from the water, and the metal mold containing the impression was separated from the metal die. In each group, the impressions were immersed in a disinfecting solution for 5 or 30 minutes at room temperature, followed by rinsing with cold water for 10 seconds and drying. (15, 17, 18 ) In the control group, the impressions were rinsed with sterile water without disinfection. The study groups were as follows: I: The control group was subjected to no disinfecting solution. II: Impressions were immersed in 1% NaOCl (Clorox®, CA, USA) for 30 minutes. III: Impressions were immersed in 2.4% glutaraldehyde (Behsadex, Behsa Pharmaceutical Co., Arak, Iran) for 30 minutes. IV: Impressions were immersed in 5% povidone-iodine (Behsadine, Behsa Pharmaceutical Co., Arak, Iran) for 30 minutes. V: Impressions were immersed in 1% NaOCl for 5 minutes. VI: Impressions were immersed in 2.4% glutaraldehyde for 5 minutes. VII: Impressions were immersed in 5% povidone-iodine for 5 minutes. The properties of the disinfecting solutions used in this study are presented in Table 2 . All impressions were poured with gypsum type IV (100 g of gypsum plus 19-24 ml of water; Snow Rock, Mungyo, Korea; Table 1 ) after one hour, and the casts were separated from the impressions two hours later (15) (Figure 2 ).
The surface roughness (Ra) of the casts was measured using a digital hand-held roughness tester (TR200-TIME Group Inc., CA, USA). Three random points were selected on each specimen's surface, and the surface roughness of each point was measured separately. The mean of the three surface roughness values was calculated and reported as the specimen's Ra parameter. Data were analyzed with one-way analysis of variance (ANOVA). The homogeneity of variances and the normal distribution of data were verified by Kolmogorov-Smirnov test. Since a significant difference was reported between the control group and the other 6 groups (P=0.004), data were analyzed using two-way ANOVA and Tukey's test in SPSS 22 statistical software (IBM Co., Chicago, IL, USA) in order to compare the groups (α=5%). 
Results
One-way ANOVA showed a statistically significant difference between the control group and the other 6 groups (P=0.004; Table 3 and Figure 3 ). NaOCl=Sodium hypochlorite, SD=Standard Deviation Two-way ANOVA showed that over time, the surface roughness of the casts retrieved from silicone impressions disinfected by immersion decreased (P=0.002), but no significant difference was noted between the disinfectants (P=0.243). Also, the interaction effect of time and the type of disinfectants on the surface roughness was not significant (P=0.071).
Discussion
This study showed that an increased immersion time of impressions in disinfecting solutions caused changes in the roughness of the casts. Thus, the null hypothesis of the present study was rejected.
Bacterial contamination and transmission following contact with blood and saliva during dental procedures are inevitable. When the impressions are poured with dental stone, bacterial colonies are transferred to casts. Therefore, an efficient disinfection of impressions is necessary to prevent the transmission of infection from the clinic to the laboratory. On the other hand, disinfectants should not change the properties of impression materials as these changes will be transferred to the casts and cause inaccuracy in their physical properties. (13, 16) Several methods have been suggested to minimize microbial contamination such as the addition of disinfectants and water to the alginate powder, immersion of impressions in disinfectants, spraying the disinfecting agent on the impression, or mixing the gypsum with disinfectants to obtain disinfected casts. (16, (17) (18) (19) (20) The spraying technique and immersion of impressions in disinfectants are more common techniques for disinfection of impressions. (12) In the current study, three commonly used disinfectants available in the market were used (1% NaOCl, 2.4% glutaraldehyde, and 5% povidoneiodine) for disinfection of impressions by immersion. The selection of these disinfecting solutions was due to their ability to eliminate HIV and HBV in 10 minutes. (21, 22) Also, disinfection of impressions by the immersion technique is more reliable and has been recommended by the American Dental Association (ADA). (21) A digital roughness tester was used for measuring the specimens› surface roughness, which has a comparable precision to profilometer and has been used in previous studies. (23, 24) The surface roughness of type IV gypsum casts after 5 minutes of immersion in disinfectants showed that the disinfecting solutions were not significantly different, but 1% NaOCl showed a significant difference with the control group such that the surface roughness of the casts immersed in 1% NaOCl increased after 5 minutes. The surface roughness after 30 minutes of immersion in disinfectants showed no significant difference within the studied groups or with the control group, but a significant difference was noted between the samples immersed for 5 minutes and those immersed for 30 minutes. In other words, increasing the immersion time decreased the roughness of the casts. Also, it can be concluded that the type of disinfectants has no significant effect on surface roughness.
Several factors affect the roughness of gypsum casts, including the roughness of the impression material, the roughness of the tooth/ restoration, the size and dispersion of gypsum particles, and the inherent moisture of gypsum when exposed to different impression materials. (16, 21) Himanshu et al reported that absorption of additives by gypsum casts creates nuclei in the cast, which are subsequently crystalized and increase the strength of the cast. (22) However, another study showed that organic acids and salts added to gypsum increase its setting time and decrease the strength. (23) Such a controversy can be explained as follows: in the earlier study, additives did not react chemically with the impression material, while in the second study, chemical reactions occurred between the additives and gypsum, which result in the delayed setting of gypsum, jeopardizing the strength of the cast. When impressions are disinfected with different disinfectants, ions or molecules of the disinfectant penetrate into the surface of the impression material and are transferred to the resultant cast. In fact, they penetrate into gypsum and change its structure and its molecular orientation. (22) If the particles become closer due to this changing structure, the roughness and surface porosities of the cast would decrease. This explains the gradual reduction in the surface roughness of the specimens of the present study.
Abdelaziz et al stated that the addition of a disinfecting solution to water and mixing it with gypsum increases the surface porosity of casts. (16) Low wettability of dental stone mixed with a disinfecting solution could be a factor in increasing surface porosity. They suggested the addition of Arabic gum or calcium hydroxide to gypsum powder in order to decrease the size of crystals and subsequently the surface porosity and roughness. (16) The results of the study by Abdelaziz et al was in agreement with those reported by Ivanovski et al and Kawamoto. (25, 26) They mixed different disinfecting solutions with gypsum and reported a reduction in the strength as well as an increase in the size of gypsum crystals and roughness. Also, a reduction in the compressive strength of type III and IV gypsum was noted. Their different methodology probably explains the difference in the results. (16) The result of the study by Abass (27) in which gypsum casts were disinfected with NaOCl was in line with those found by Abdelaziz et al. (16) In a recent study, calcium hypochlorite (Ca(ClO)2) caused changes in the size and shape of calcium sulfate dihydrate crystals in gypsum and increased the porosity of casts. The type of the disinfectant and their methodology explain the difference in the results. (27) In the current study, one reason for decreasing the surface roughness is that over time, the polymerization of polymeric chains in the impression material would be more completed, and also, the free terminals of short chains would start the reaction. This phenomenon will result in a reduced surface roughness in the impression material and subsequently in gypsum cast. In addition, it is likely that disinfectants that are in close proximity to impression materials increase the wettability of the impression material; this wettability might reduce the porosity of gypsum casts.
Overall, it may be stated that silicon impression materials, including condensation and addition types, have a better surface integrity than other materials. They have a hydrophobic nature, and their surfaces have a high resistance to hydrophilic disinfectants, irrespective of their type or duration of contact. (19, 27) 
Conclusion
Within the limitations of this study, the results showed that the type of the disinfectant had no significant effect on the surface roughness of gypsum casts retrieved from silicone impressions disinfected by immersion although an increased duration of disinfection affected the casts and decreased their surface roughness. It is recommended to evaluate other properties of final casts such as dimensional stability, surface details, and hardness in future studies to reach a better conclusion on the effect of disinfectants.
